Some of the most data depauperate eukaryotic lineages live in the ocean and many plankton are known only from environmental sequences. A recent study adds two novel plastid lineages to our expanding understanding of marine biodiversity.
The ocean covers the majority of Earth's surface, but unlike land, the marine environment is inhabited by both complex and unicellular organisms from its surface to the deepest depths, kilometers below the waves. This vast and variable habitat represents the least explored portion of the planet. Environmental sequencing efforts over the last ten years in the ocean, including the TARA Oceans Project [1] , have revealed a wide array of previously unknown marine eukaryotic organisms and diversity within known lineages. In particular, diversity appears to be severely underestimated in the picoplankton size class (0.8-5 mm) of eukaryotes [1] . A recently published study in Current Biology by Choi and Bachy et al. [2] used environmental sequencing of plastid (chloroplast) DNA to identify two marine plastid groups that cluster as unique clades that do not include known organisms. These previously undetected lineages are globally distributed in warm, low-nutrient water and can reach as much as 10% of the plankton diversity in these locations.
Environmental DNA sequencing data have revolutionized our understanding of microbial eukaryotic diversity, but data have only been available at the appropriate scale to study biodiversity for roughly a decade. Limited data produced on the Sanger sequencing platform revealed some early clues about the biological complexity of the oceans. A meta-analysis of ribosomal DNA sequences (rDNA) demonstrated that groups such as the alveolates and stramenopiles harbor an enormous amount of previously unknown lineages [3] . As new DNA sequencing technologies have dramatically increased available data, the MAST (marine stramenopile) and MALV (marine alveolate) groups initially identified by Richards and Bass [3] have expanded dramatically [1, [4] [5] [6] [7] .
In addition to nuclear rDNA studies, massive parallel sequencing of the plastid rDNA has been utilized to target the photosynthetic component of the plankton and fill gaps in our understanding of biodiversity. The origin of the non-photosynthetic plastid-derived organelle in parasitic apicomplexans (such as the causative agent of malaria) had perplexed biologists. Its highly derived protein sequences and massive gene loss made it challenging to place the genome of the organelle in a phylogenetic context. The discovery of a coral symbiont, whose plastid genome allied with apicomplexan sequences, demonstrated a clear link between the non-photosynthetic 'apicoplast' and a fully functioning plastid [8] . Using this as a springboard, data mining of plastid sequences revealed several entire lineages of photosynthetic ancestors of apicomplexans associated with coral reefs [9] . Thus, an enormous and successful parasitic group, including the most devastating human vector borne diseases, likely evolved from marine symbionts! In many cases, however, a phylogeny built from novel sequence data provides no information on the ecology of an organism. Rappemonads are another group identified by plastid sequence data [10] that associate with haptophyte plastids in molecular trees. Absent the ecological context of the apicomplexan relatives, little is known about the niche of rappemonads. They are present in both marine and freshwater environments and relatively rare in abundance, but their morphology and the origin of the plastid host (the nuclear identity) remain a mystery.
The two novel plastid lineages, DPL1 and DPL2, described in the recent issue are both related to the rappenmonad plastid and similarly mysterious in their cellular identity. Globally distributed in marine environments, rare in abundance and as yet unseen members of the picoplankton, the parallels to rappemonads are numerous. Are we witnessing the early stages of a MAST/ MALV-like discovery of massive diversity under our noses, or are we simply finally reaching the rare biosphere? The answer to this question may rest in identifying the cells that house these novel plastid sequences.
The movement of photosynthesis through eukaryotic lineages is complex and hotly debated. Plastids were first introduced into eukaryotes when the ancestor of red and green algae took on a cyanobacterial endosymbiont [11] . From there both red and green algal plastids have been transferred to other, previously non-photosynthetic groups, in what is referred to as secondary endosymbiosis [12] [13] [14] , and passed between these groups in tertiary endosymbioses [13, 15] . The DPL1 and DPL2 plastid sequences nest firmly within the red algal secondary (or tertiary) plastids [2] . However, not knowing the identity of the 'host' lineage leaves questions as to whether these undiscovered plastid lineages are maintained by unknown hosts or borrowed plastids modified by hosts we know.
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Dispatches with the divergence of sequences from related groups, the DPL1 sequences have a much faster rate of change [2] . Long branches on a tree can mean many different things. In cases where we lack sampling, long branches may simply be an incomplete sampling artifact. Alternatively, long branches can indicate that different evolutionary pressures are acting on a gene region, relative to the same region in related organisms. The DPL2 plastid 16S has an expected rate of sequence evolution, suggesting these data may represent a novel host lineage [2] . The DPL1 sequences have a relatively high rate of evolution, which opens other possibilities.
Certainly the DPL1 data may indicate an unrecognized host lineage that, for reasons yet unexplained, has a plastid with high rates of evolution. One alternative, however, is that the DPL1 data represent haptophyte plastids that have been stolen for use in other organisms. Several instances of this have already been demonstrated, specifically with dinoflagellates hijacking haptophyte plastids [15] . When Choi and Bachy et al. [2] included sequences from stolen haptophyte plastids in their phylogeny, the placement of DPL1 within, or sister to, the haptophytes becomes ambiguous. Again, high rates of evolution in isolated groups can produce a wide range of topological artifacts in phylogenetic trees, but taken together, the DPL1 data suggest a more complex story than the DPL2 sequences. If the DPL1 plastids have been stolen by a dinoflagellate lineage, it is not one with existing plastid data.
Even if the DPL1 plastids represent a new lineage of kleptoplastic dinoflagellates, and not a novel host lineage, there is reason to be excited. The spread of plastids throughout eukaryotes remains poorly understood and new examples of organisms acquiring photosynthesis provide more opportunities to observe common mechanisms and build better models of the process. The ocean is vast and data have been generated only from a small percentage of its waters. Undoubtedly the DPL1 and DPL2 lineages represent another milestone in the exploration of marine biodiversity, but hardly the final.
